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EFFECTS OF DERMATITIS, STRIPPING, AND STEROIDS ON THE 
MORPHOLOGY OF CORNEOCYTES. A NEW BIOASSAY 
ERHARD H6LZLE , M. D .. AND GERD PLEWIG, M. D. 
Department of Dermatology, University of Munich, Munich. West Germany 
This study was designed to investigate the effects of increased or decreased epidermal 
turnover on the morphology of human corneocytes. The desquamating portion of the 
stratum corneum was sampled with the detergent scrub technique using Triton X-100. The 
following parameters were measu red: size (surface p,~). shape (regular, irregular), nuclear 
inclusions, trabeculae, and numerical counts. Specimens were obtained from adult males 
with allergic contact dermatitis CN = 18); with tretinoin-induced dermatitis (N = 11); after 
cellophane stripping (N = 11); and after treatment of these conditions with topical steroids 
(N = 40). Data from 250,000 cells were analyzed statistically. The reproducibility of the 
method is good (r = 0.934). 
Corneocytes from skin of patients with allergic contact dermatitis differed from those of 
normal skin: they were 15~ smaller and of irregular shape with asymmetrical trabeculae; 
50% were nucleated and about 3 times as many cells were collected per em~ skin swface. 
Tretinoin and stripping produced similar but more pronounced effects. Topical ster oids 
significantly improved all parameters !p < O.Oll. Betamethasone-17-dipropionate was more 
effective than the valerate. 
This bioassay petmits sensitive measurements of corneocyte morphology in conditions 
with a ltered epidermal cellular kinetics. It provides a method to evaluate steroid effective-
ness. 
Several techniques have been developed over 
the past decades to study the desquamating por-
tion of the human stratum corneum. As early as 
1939 Jan Wolf described the removal of surface 
cells by adhesive-tape stripping [1 ,2]. Subse-
quently, Goldschmidt and Kligman [3] improved 
this by the adhesive slide technique. Later, Mc-
Ginley et al (4] introduced the detergent scrub 
technique which had been used for other purposes 
by Williamson and Kligman (5] for visualization 
and quantitation of the desquamating portion of 
the human stratum corneum. 
Regional variations [6] and effects of age and sex 
[7] were found for the surface of corneocytes. Gold-
schmidt and Thew [8] gave measurements of cyto-
logic abnormalities, such as nucleated and halo 
cells in various parakeratotic and orthokeratotic 
dermatoses. No data concerning surface measure-
ments of corneocytes in derrnatitic skin and the 
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effects of corticosteroids on these corneocytes are 
available. The purpose of this study was to assess 
qualitative and quantitative parameters of the 
corneocytes in skin conditions with increased epi-
dermal turnover and to study the effects of cortico-
steroids on these parameters. 
MATERiALS A.i'\ID METHODS 
Cytologic Techniques 
Corneocytes were removed by the detergent scrub 
technique according to McGinley et al [4) and stained 
with rhodamine Band methylene blue [41. After vigor-
ous shaking. a few drops were placed on a glass slide. 
covered with a coverslip. and air dried 24 to 48 hr. 
Cell Counts 
Quantitative cell counts were performed in a hemo-
cytometer 14]. 
Morphologic Criteria 
Cell outlines were classified into regular Chexagonal 
or pentagonal I or irregular. 
Trabeculae from impressions of neighboring corneo· 
cytes were classified as regular or irregular. 
Nuclear remnants were divided into solid fragments 
or shadows. 
Cell surface was determined by projection microscopy 
with a projection mirror (Carl Zeiss. Oberkochen) using 
a microscope and a lOOx oil-immersion lens with a 
linear magnification of 2,000. Cell outlines were pro-
jected on drawing paper and the surface was measured 
with a planimeter <Ott, Kempten). The error of this 
technique is less than 3% 19. 10). 
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Fifty cells from each specimen were assessed and the 
results expressed in p}. There are established regional 
differences in cell size [ 6) and effects of sex and age for 
human corneocytes [7). In the present study corneo-
cytes were derived from various body regions and from 
various age groups so that direct comparisons were 
sometimes not possible. To avoid these variables, rela-
tive differences in cell sizes were used. ln the group of 
patients with allergic contact dermatitis, the point of 
reference was the untreated cells from eczematous 
areas. The relative change during spontaneous resolu-
tion or treatment with corticosteriods was measured. In 
the experiments with cellophane stripping or tretinoin 
applications, a direct comparison with absolute differ-
ences in cell size was possible. 
Statistics 
From 1,100 specimens 250,000 pieces of data were 
available for statistical analysis. Cell numbers and cell 
sizes were examined with either Student's /-test, paired 
comparisons, rank-sum statistics, or percentage figures 
with the three-dimensional contingency tables 111-13]. 
Subjects 
Allergic contact dermatitis. Eighteen male patients, 
aged 34 to 74 years. with acute a llergic contact dermati-
tis <to nickel sulfate, paraphenylenediamine, and po-
tassium bichromate) with eczematous lesions on the 
legs IN = 8), forear ms <N = 71, and the trunk <N = 31 
were used. Uninvolved contralateral areas of the body 
or untreated dermatitic areas served as controls. The 
dermatitis was treated with 0.1 ~ betamethasone valer-
ate cream twice daily until clinical healing was evi-
dent. Corneocytes were removed prior to treatment and 
every 2 to 5 days during treatment. 
Expert mental dermatitis and stnpping. The following 
experiments were done in 6 female and 5 male healthy 
volunteers. aged 23 to 33 years. Test areas were on the 
lower paravertebral area of the back between the scap-
ulae and the iliac crests. 
Cellophane stnpp1ng: On the left side of the back the 
stratum corneum was removed [ 14,15) in 3 areas, x 5 
em each, with successive strips of tape <Tesafilm, 
Beiersdorf, Hamburgl until glistening. 
Irritant dermatitis: On the right side of the back a 
0.1~ solution oftretinoin <vitamin A acidl (Vitamin-A-
Siiure Losung; Hoffman-LaRoche. Basel> was applied 
3 times daily for 12 to 16 days, until an erythematous 
and scaling dermatitiS appeared. Three such areas of 
x 5 em each were prepared. 
Corticosteroids 
Two potent cor ticosteroids were assessed: a 0.1 ~ be-
tamethasone valerate cream (Celestane V, Byk-Essex, 
Munich> and a 0.05~ betamethasone dipropionate 
cream (Diprosone, Byk-Essex, Munich >. The steroids 
were applied immediately after stripping (see Fig. 4l 
and, in the tretinoin experiment, on day 14 (see Fig. 71. 
Both creams were applied twice daily for 18 to 20 days. 
The upper right and left squares (stripping- and treti-
noin-induced dermatitis ) remained untreated as a con-
trol. Corneocytes were sampled every 2 to 5 days over a 
total of 5 weeks. 
Effects of steroids on normal sk111. In 2 healthy adult 
male volunteers, 0.1 'K betamethasone valerate was ap-
plied under occlusion daily on the upper back for 1 
days, followed by nonocclusive applications twice daily 
for an additional 7 days. Cell size and cell counts were 
recorded every 2 to 4 days. 
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Soaps, cosmetics, and exposure to sunlight were 
omitted during the study. 
RESULTS 
Allergic Contact Dermatitis and the Effects of 
Betamethasone Valerate 
In inflammatory skin, as in allergic contact der-
matitis, and in various experimental conditions 
with increased epidermal turnover, s uch as strip-
ping off the stratum corneum and following the 
a pplication of tretinoin, the desquamating portion 
of the human stratum corneum has features which 
ar e qualitatively and quanti tatively differ en t fr om 
normal s kin (Fig. 1). 
Cell shape. In allergic contact dermatitis 70%; of 
the corneocytes are of irregular s hape with a 1:1 
ratio of pentagonal-hexagonal cells (p < 0.05> 
(normal: 54%, with a ratio of pentagonal-hexago-
nal cells of 3:2 Lsee below]). Almost 50~ of the 
corneocytes contain solid nuclei or remnants of 
nuclei , as compared to almost none in the controls 
(p < O.OlJ. A summary of the presence of nuclear 
components and the effects of corticosteroids on 
this parameter is given in Figure 2. 
Cell size. Corneocytes from allergic contact der-
matitis are almost 15%; smaller than those from 
normal skin (p < 0.05). Cells vary widely in size, 
with some individual cells being very large. Corti-
costeroids, in this case betamethasone valerate, 
had a measurable effect on the corneocytes: the 
surface increased by 10~ within 2 to 3 weeks. 
Cell counts. With the detergent scrub, more 
cells, almost 200,000/cm2 , could be removed from 
dermatitic skin as compared to the control area 
with less than 100,000/cm2 (p < 0.051. Again, topi-
cal steroids reduced the number of corneocytes 
removed from the stratum corneum. Normal val-
ues were r eached in 2 to 3 weeks (Fig. 3l. 
Cellophane Stripping and the Effects of 
Betamethasone Valerate and Betamethasone 
Diprop1onate 
Immediately following stripping there is a 
marked erythema which loses half its intensity by 
day 5 and has d isappeared by day 14. There is a lso 
inflamation with a ser ous exudate. formation of a 
crust, a nd desquamation from days 3 through 9. 
The stratum corneum appears normal after 16 to 
18 days. Topical application of either steroid prep-
aration clearly shortened the inflammatory phase 
following stripping and improved the signs of der-
matitis much faster (p < 0.05) than in untreated, 
but stripped, controls. The measurable criteria 
s uch as cell size, cell shape, trabecular network , 
and nuclear remnants were a lso clearly affected by 
corticoster oids. Betamethasone dipropionate was 
more effect ive than the betamethasone valerate. 
This was true not only for the stripping experi-
ments, but a lso for the tretinoin-induced dermati-
tis (see below). 
Cell shape. From the normal skin of the lower 
back , 54% of the corneocytes are of r egular shape, 
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FIG. 1. Appearance of corneocyt.es. A = Symmetr ical, hexagonal cell with a regula r t rabecular network from 
normal skin. B =Symmetrical, pentagona l cell wit h a regular trabecula r network from nor mal skin. C = Irregular 
cell with irregula r trabecula r network from a llergic contact dermatit is . D = Irregular cell with nuclear remnants 
from stripped skin . E = Highly irregula r cell , loss of t rabecular network, spongy appearance. From str ipped skin. 
F = lrregular cell with solid nucleus (parakeratotic cell) from tretinoin-induced dermati t is. All photographs x 800. 
31% are pentagonal , 23% are hexagonal , and 46% 
are of irregular shape (Fig . lA .B). Immediately 
following stripping only a very few cells (1,200/ 
cm2) can be removed with the detergent scrub 
technique; 70% of these are of irregular shape. On 
day 3, 85% of the cells are of irregular shape, a 
significant difference (p < 0.01) compared to un-
stripped skin. After day 7 regular-shaped cells 
reappeared. On day 20 (end of steroid treatment ) 
the control values had not been reached; it took 
another 14 days. Neither steroid caused a demon-
strable improvement of the cell shape. 
N uclear remnants. Corneocyt es from normal 
lower back do not contain solid nuclei or nuclear 
remnants, but in 24% of the cells the original site 
of the nucleus is still ident ifiable (F ig. lB ) as a 
central , lighter-sta ining area wi thin the corneo-
cyte. Stripping causes over 50% of the corneocytes 
to become fully nucleated from days 3 to 5 (Fig. 4J 
(p < 0.01). There is a slow disappear ance of nu-
cleated cells with a corresponding increase in reg-
ular-shaped but non-nucleated corneocytes over 
the next 20 days. Three weeks following the cello-
phane stripping, normal values have been reached 
again. Topical steroids cause the effects of strip-
ping to reverse faster since parameters improve 
faster in tr eated , stripped skin tha n in untreated, 
stripped skin. 
To a void individual data, the ra nk-sum statist ic 
of Friedman 112] was used. This permits deterrni-
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tive than betamethasone valerate, but not signifi-
cantly. 
Cell counts. From normal back skin 75,000 cells/ 
em~ can be removed by the detergent scrub tech-
nique; but only 1,200 cells/em~ could be removed 
immediately following stripping. One week after 
stripping about 65,000 cells/cm1 could be removed 
from untreated areas, while less than 50,000 cells/ 
cm2 could be removed from the steroid-treated 
area (p < 0.05 1. 
Cell s ize. Corneocytes increase in size slightly 
from the scapular region (930 IJ-2 ) to the hip area 
0,000 J.L2 ) 161. To avoid these regional variat.ions, 
the data were corrected prior to statistical calcula-
tions by adding or subtracting 35 IJ-2 to adjust 
values to the central part of the back. Cellophane tr t z: ~@30 L------r------•• stripping at1ects the size of corneocytes in a hi-~ 0 
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FIG . 2. Elf eels of a llergic conlaci dermatitis and beta-
methasone valerate on nuclear remnants . The steroid 
was started on day 1. Stipplecl horizon/a/ areas reprl'-
sent values from normal control areas of corneocvtes in 
this and all subsequent figures. Average means and 
standard deviations are given in this and subsequent 
figures. 
nation of the Lime a t which 50'1( or the maximal 
cell allcralion (e.g., cell size. nuclear remnants, 
etc. l have retu m ed t.o normal. This is the so-called 
half-value time (HVTl. For instance, the HVT for 
nucleated cells was reduced from 3.9 days to 2. 
days following treatment wi th steroids \p ....._ 0.011 
tFig. 5l. The re was no statistical diflcrence be-
tween t he two steroids. 
Trabecular n!'lu urk. Over 90lJ! of normal cor-
neocytes from the lower back have a regular t ra-
becular network \Fig. LA. B l. Immediately follow-
ing stripping only 50~ show regula r trabeculae. 
These represent the lowermost horny cells in the 
stra tum corneum. On day 3. less than IOttf of the 
cells have regula r or visible trabeculae (p < 0.01 l. 
Thereafte r there is an exponential increase, and 
cells reach normal values after 4 weeks. 
The ameliorating effects of steroids on the tra be-
cular network following stripping is significant. 
The HVT is reduced from 6.8 days to 4.8 days (p '--
0.01 ). Betamethasone dipropionate is more ef1ec-
phasic way. After an initial increase 4 days after 
str ipping, cells decrease in size with a low point at 
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FIG . 3. Cells remo,·ed by detergent scrub te(:hnique. 
Data from allet·gic contact dermatilic skin are plotted 
with normal skin values indicated by stippled bar. Be-
tamethasone valerate reduces the numbers to normal. 
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FIG. 4. Effects of stripping upon nuclear remnants 
within corneocytes. Sharp increase of parakeratotic 
cells 3 to 4 days after stripping. 
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day 12 (p < 0.01), followed by a second peak be-
tween days 20 and 25. Topical steroids affect the 
cell size considerably. Steroid-treated cells are 
much smaller (830 p.2). Even 2 weeks after cessa-
tion of topical applications, cells are still smaller 
than in the controls. The relative decrease in size 
is shown in Figure 6. On days 19 to 20 at the end of 
steroid application, there is a decrease in cell size 
of 9% in the betamethasone valerate-treated sites 
and of 14% in the betamethasone dipropionate-
treated sites compared to stripped, but untreated , 
skin. The difference between the steroid-treated 
sites and the controls is highly significant (p < 
0.01), and the difference between the two steroids 
is statistically significant (p < 0.05). 
Tretin.oin-lnduced Dermatitis and the E ffects uf 
Betamethason.e Valerate and B etamethasone 
Dipropionate 
By 12 to 16 days, a dermatitis with marked 
erythema appeared following t he application of 
the 0. 1% solution of tretinoin. After cessation of 
the tretinoin applications, the erythema faded 
over the ne:xt 7 to 10 days. The sites that were 
treated with corticosteroids became clinically nor-
mal earlier t han the control areas. Scaling disap-
peared within 10 days without steroid treatment , 
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FIG. 5. Reversal of nucleated cells during steroid 
treatment. The H VT is indicated . 
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FIG . 6. Effects of steroids on size of corneocytes after 
stripping. Betamethasone dipropionate (p < 0.01) has 
more effect than betamethasone valerate (p < 0.05). 
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and within 4 to 5 days following steroid treatment. 
Betamethasone dipropionate was slightly more ef-
fective than the valerate, but not significantly. 
Twenty-five days after tretinoin treatment the 
skin was hypopigmented, and this was more prom-
inent in the steroid-treated sites. Betamethasone 
dipropionate caused more hypopigmentation than 
betamethasone valerate. 
Cell shape. Irregular-shaped cells increased 
from the normal of 46% to 88% by 15 days (p < 
0.01 ). The normal distribution was reestablished 
within 3 weeks after stopping the tretinoin. The 
two steroids had no measurable effect on the cell 
shape following tretinoin-induced dermat itis com-
pared to the control values. 
Nuclear remnants. Within 6 to 8 days, nu-
cleated corneocytes appeared. Within 15 days, 
more than 60% of the corneocytes contained solid 
nuclei (p < 0.01). This parakeratosis was fully 
reversible 14 to 19 days after stopping the tretinoin 
(Fig. 7). Corticosteroids enhanced the return to 
non-nucleated corneocytes significantly. After 2 to 
7 days this steroid effect was well established (p < 
0.05). The HVT for nuclear remnants was 
shortened from 3.9 to 2.8 days (p < 0.01). 
Trabecular network. Cells with irregular or ab-
sent trabeculae increased rapidly with tretinoin 
treatment. Within 15 days t he percentage rose 
from 10 to over 90 (p < O.Oll. After stopping treti-
noin, there was an exponential return to a normal 
distribution pat tern within 20 days. Corticoste-
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FIG. 7. Effects oftretinoin and betamethasone dipro-
pionate upon nuclear remnants (upper three curves) 
a nd upon irregular or absent trabecula r network (ord i-
nate, lower curve). The curves are less steep than those 
in Fig. 4. 
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raids caused a much faster normalization com-
pared to untreated areas. Within the first 7 days, 
there were significantly fewer cells with an abnor-
mal trabecular patter n than in the control sites 
(p < 0.05). The HVT for the irregular trabecular 
pattern was reduced from 4.8 to 3.6 days (p < 0.01 ) 
by tr eatment wjth corticosteroids. 
Cell counts. With tretinoin dermatitis almost 
170,000 cells/em~ can be collected compared to 
60,000- 75,000 cells/em~ from untreated skin (p < 
O.Oll. Normal counts are found 7 days after the 
last tretinoin application. 
Corticosteroid-treated sites had fewer cells 
throughout the study (less than 120,000 cells/em~!, 
and normal counts occurred as early as 3 to 4 days 
after the first st eroid application. The HVT was 
shortened from 3.2 to 2.6 days (p < 0.05). Beta-
methasone dipropionate was slightly but not sig-
nificantly more effective than betamethasone val-
erate. 
Cell s ize. Corneocytes from dermatitic sk in are 5 
to 10% larger than normal cells (p < 0.05). Con-
versely, cells returned to normal size and were 
even smaller than normal (p < 0.05) within 10 to 
16 days after the tretinoin had been stopped. Corti-
costeroids again affect the size of corneocytes. Cor-
neocytes from such treated areas are 8 to 13o/i: 
smaller than untreated control cells (p < 0.01). 
Effects of Steroids on Normal Skin 
Cort icosteroids reduced the corneocyte size 
from 1,150 JJ-2 to 960 JL~ (p < O.Oll. Cell counts also 
dropped within 4 to 8 days from almost 80,000 
cells/em~ to values as low as 20,000 cells/cm2 (Fig. 
8J. The increase in numbers later on reflects the 
inflammatory changes, as sever e steroid acne ap-
peared from days 10 to 12 and necessitated the 
termination of occlusive dressings. 
DlSCUSSlON 
The present study describes detailed measure-
ments of corneocytes obtained from the desqua-
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FiG. 8. Effects of betamethasone valerate on corneo-
cyte size ( upper curue) and cell counts {/,ower curve) in 
normal skin. 
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mating portion of the stratum corneum following 
various inflammatory conditions that are charac-
ter ized by increased epidermal turnover . 
AJlergic contact dermatitis, stripping off the 
horny layer with cellophane tape, and experimen-
tally induced irritant dermatitis with tretinoin 
were used as experimental models . There were 
noticeable effects on individual corneocytes, such 
as cell shape, nuclear remnants, trabecular net-
work, quantitative ceU counts, and cell size. The 
effects observed were similar, regardless of the 
causative stimulus. 
Long-term sampling permitted a functional 
view of the changes which occurred at the stratum 
corneum level and which reflect altered epidermo-
poiesis. Most of the glabrous skin areas of the 
human body and of mammals have an orderly, 
arranged columnar stacking of the str atum cor-
neum 116-18) and the 2 or 3 uppermost layers of 
the stratum Malpighi. Stacking and interdigita-
tion of corneocytes requires regular polyhedrical 
cell shapes. This regular cellular overlapping pro-
duces impressions from neighboring cells at least 
in the uppermost layers of the stratum corneum 
which are apparent as the trabecular network. 
This phenomenon was shown as early as 1940 by 
Wolf [1,2), later by Keddie and Sandi 119], Gold-
schmidt and Kligman 131. Plewig and Marples [7], 
and recently by Hashimoto and Tamotsu [20), who 
used scanning and transmission electron micros-
copy to confirm the nature of these trabeculations. 
The regular-shaped pentagonal or hexagonal cells 
from the lower portion of the stratum corneum do 
not have this regular network as often as do the 
uppermost cell layers. as has been shown wjth 
serial cellophane stripping (unpublished datal. 
Loss of cellular order is associated with loss of 
trabecular network. I t has been shown by Christo-
phers 118] and Christophers, Wolff, and Laurence 
[21) that injury to the epidermis by friction or 
heat. or a thick and multilayered stratum cor-
neum (for instance, footpad! is incompatible with 
stacking. This explains why we found loss of regu-
lar trabeculae in dermatitic skin (allergic or irri-
tant dermatitis!, or after cellophane stripping. It 
should be noted, however, that corneocyte mor-
phology is only partially the result of mitotic rates. 
Keratinization as well as intercellular cohesive-
ness possibly play an important role in influencing 
these data although currently no such information 
is available. For instance, li ttle is known of how 
cellular flatten ing is related to time or the rate of 
cornification. 
In the presen t study, cell shape and the trabecu-
lar network are the last parameters to return to 
normal; it took them approximately 25 days to 
normalize, which was much longer than was nec-
essary for the nuclear remnants, quantitative cor-
neocyte counts, or the clinical picture. Compli-
cated conditions arise after cellophane stripping. 
Seventy-two hours after stripping, parakeratotic 
corneocytes can be removed from the uppermost 
stratum corneum. These cells cannot already re-
flect the increased cell division in the basal layers 
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[14, 22], since the cells that have divided must still 
be located in the middle or upper spinous layers. It 
is more likely that the keratinization of the cells in 
the upper malpighian layers is directly affected. 
This phenomenon of rapid cell movement through 
the keratinous zone of the stratum Malpighi has 
been discussed by Christophers and Braun-Falco 
[22]. Also, the mitotic activity following stripping 
has been recorded by Pinkus [14), Williams and 
Hunter 123), and more recently with autoradi-
ographic techniques by Christophers [24]. 
In a previous study, 0.01% tretinoin induced 
dermatitis within 7 days 125]. At that time epider-
mal transit was calculated to be 3 to 4 days com-
pared to the normal of about 14 days. In the pres-
ent study we showed that the corneocytes are 
smaller than normal. Also, high numbers of cor-
neocy tes could be removed with the scrubbing 
technique. This is probably due to an effect on 
cellular cohesiveness [26]. Corneocytes initially 
increase in size by 5 to 10%. but they later de-
crease considerably. We have no explanation why 
tretinoin in the initial phase causes an increase in 
corneocyte size while allergic contact dermatitis 
and cellophane stripping cause a decrease. 
A measurable effect of topically applied gluco-
corticosteroids in these various experimental 
models was anticipated. Steroids restored the ab-
normal qualitative and quantitative cellular pa-
rameters much faster than they were restored in 
the controls. The steroids made the cells smaller rn 
tretinoin-induced dermatitis. and in a llergic con-
tact dermatitis where corneocytes are much 
smaller than from normal skin (15%) they in-
crease under the influence of steroids. but onl y by 
10~, thus being smaller than normal corneocytes. 
Two fluorinated, potent corticosteroids were 
used in the present investigation. Although the 
study was not planned to demonstrate efficacy of 
one formulation over the other , 0.05~ betametha-
sone dipropionate turned out to return parameters 
towards normal more quickly than did 0.1 ~ beta-
methasone valerate in the same vehicle. The ex-
perimental model may be a valuable aid in deter-
mining the efficacy of different corticosteroids in 
clinical dermatoses and experimentally induced 
conditions. 
Dr. Helmut F. Hofmann . Byk-Essex Pharmaceutical 
Company. Munich, kindly provided lhe steroid samples 
used in this study. 
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